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Abstract 
In this paper, we takes the parking vehicle out of the off-street parking access in the city as the research object, analyzes the main 
influence factors of the vehicle in the process of entering in the parking lot, and the crossing time is defined as the cross through 
the waiting time and travel time. By the way of theoretical analysis and field investigation, we present one calculation model 
through the waiting time while another through the travel time, and verify the analysis. Based on the measured data about parking 
entering rate, we conducted a sensitivity analysis the combination conditions of different non-motorized vehicle lane width and 
flow, the main conclusions are as follow: First of all, compared with the non-motorized vehicle lane width, the impact of non-
motorized vehicle flow on crossing time is more obvious; Secondly, in the same flow conditions, changes of crossing time and 
non-motorized vehicle lane width is inversely proportional to the width of non-motorized vehicle lane; Thirdly, when less than 5 
meters, crossing time changed significantly affected by it; finally, when the non-motorized vehicle lane width is greater than 6 
meters, crossing time had small changes affected by it. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
Keywords: traffic engineering; crossing time; model; off-street parking; effect; non -motorized vehicle flow 
1 Introduction 
Form of off-street parking on traffic performance is mainly reflected the impact of import and process of motor 
and non-motorized vehicles on the main road, and relative to the exiting vehicle, the entering vehicle has more 
influence on the main road traffic. in the process of the park vehicles crossing the non-motorized vehicle lane, On 
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the one hand, it will affect the normal running of non-motorized vehicle, such as leading to the overall traffic flow 
speed reduced; but on the other hand, the non-motorized vehicle flow and parking facilities will also impact on the 
park vehicles, such as when the non-motorized vehicle flow is too large, parking turnover rate is low, it will lead to 
park vehicles queuing for a long time in the entrance channel, thereby increasing the main road vehicle traffic delay, 
the social formation of traffic jams and induced traffic conflict. Therefore, the combination of non-motorized 
vehicle lane parking sailed across the stage, the analysis of cross time and its influencing factors, has the important 
theory value and realistic meaning of the road traffic impact characteristics of in-depth analysis of off-street parking. 
The results of the present study for off road parking lot through time is not much, mainly because of a similar 
study of motor and non-motorized vehicles conflict and entrance management etc. Colorado state highway 
Commission applied AM (AM Access Management) strategy to the highway, and put forward that according to the 
grade of road and different functions, road access control standard and the corresponding method is different, and 
the access management guidelines [1], exit management manual [2] and Michigan's access management guidelines 
[3] set forward some principled requirements in length, turning radius of the road entrances. Cao Xiaokui and Pei 
Yu long [4] analyzed the main factors affecting the parking lot entrance geometric design and gives the entrance 
layout method, Yi Xuanxuan [5] from the optimized traffic design inlet angle, followed the basic principles of 
access management in public buildings, details of the vehicle access optimization design. Xiong Juan, Chen Jun [6] 
investigated the traffic entrance of central business district of Nanjing city parking facilities and the main road 
junction, traffic characteristics analysis of import , export and the main road and delays caused by the exiting and 
entering vehicles on the main road. Wang Xueming [7] used traffic conflict technique and fuzzy evaluation method, 
gived the road bike safety evaluation, and put forward some concrete measures to improve it. Above research results 
to analyze influence factors of parking in the parking time and to have dynamic characteristics of non-motorized 
vehicle flow's influence, also did not make the relevant research. This paper aims to analyze the characteristics of 
the parking vehicles and its non-motorized vehicle flow, Research the crossing time non-motorized vehicle under 
the influence of such factors as non-motorized vehicle, and conducts a theoretical modeling and verification analysis. 
2 Analysis of factors influencing the crossing time 
2.1 Basic definitions 
The definition of non-motorized vehicle lane park vehicles in the crossing into the parking lot entrance process, 
the total of the waiting time in motor vehicles lane and the crossing time in the non-motorized vehicle is viewed as 
crossing through time tcrossing through, the park vehicle waiting time in the lanes as the park tcrossing and waiting, into the non 
motorized road vehicles from the beginning to enter the parking lot, the entrance the road ends this time for through 
running time t through running , i.e. 
Tcrossing through=tcrossing and waiting+tthrough running                         (1)
2.2 Main influencing factors 
The moving process of parking analysis shows that: when the critical gap of non-motorized vehicle is not 
acceptable, park vehicles will stay in the lane; in addition, when park vehicles has began to pass through the road, if 
part of the non-motorized vehicle still continued to travel, this will cause deceleration or waiting; finally, the parking 
lot entrance road will also makes the vehicle travel time too long to across the non-motorized vehicle lane. 
Therefore, main influencing factors through comprehensive analysis about crossing time have the following several 
aspects: 
(1) the non motorized vehicle lane width 
The entering process is viewed as the park vehicles crossing the non-motorized vehicle lanes and getting into the 
off-street parking lot entrance channel. When the non-motorized vehicle lane width is not at the same time or speed, 
travel time will not the same. So when the lane width is not at the same time, The impact through the crossing 
process will exist a certain differences. 
(2) Non-motorized vehicle lane width 
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When the traffic isolation belt is wider, park vehicles can occupy more space and have less impact on non-
motorized traffic flow. When running in isolation, if the isolation belt is wider, the impact of non-motorized vehicle 
is smaller. Bin Huang, Haoran Zhu [8] proposed different functions with minimal width value: when the isolation 
belt for greening, suggested width is 2.5m; when the isolation belt for bicycle parking, suggest the width is 2-2.5m; 
when the isolation belt for motor vehicle parking, suggested that the width is 3-5m;When the isolation belt is the bus 
station from time to time, suggest to a width of 2.5 or 5.5m. 
(3) the non-motorized vehicle traffic 
The entering process of Park vehicles is interfered by non-motorized traffic, large flow will cause deceleration or 
waiting. 
(4) parking arrival rate 
In the process of entering into the parking lot, if entering rate is higher, it may cause the park entrance road 
vehicles waiting at this time in the queue, the parking across the running time increases and has impact on the main 
road vehicle flow. 
3 Time travel analysis and modeling 
3.1 Crossing and waiting time 
Chunyan Liang [9] indicated that q non-motorized =0.51 A/ (s.m) is a critical point gap of non-motorized vehicle 
group, when the qnon-motorized 0.51 A/ (s.m),group clearance is 0, this park the vehicle will completely impenetrable; 
when the q non-motorized < 0.51 / A(s.m), group of the gap is greater than 0 at this time, park vehicles can be through the 
implementation of group according to the gap size selective. Therefore, it is necessary to discuss the crossing and 
waiting time in two different cases. 
(1) when the q non-motorized 0.51 A/ (s.m) 
At this time the non-motorized vehicle flow is much, namely group clearances of 0, parking vehicle can’t cross 
and must come to a complete stop waiting, waiting time for 
motorizednon
waitingandgcros q
n
t

 sin
                         (2) 
Where, n is every 1 meters wide non-motor vehicle number of motor vehicle lanes in 1 seconds passed, car;q non-
motorized is vehicle flow, vehicle A / (s.m). 
(2) when the 0<q non-motorized <0.51A/ (s.m) 
This non void vehicle group is greater than 0, the void group arrival obey logarithmic normal distribution, when 
the gap is greater than the non-motorized vehicle group security clearance, this vehicle can be directly through the 
park, the probability can be accepted is: 
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Defined by the distribution function and the conditional probability that  
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Assuming the park vehicles in the n +1 gap through the non-motorized vehicle group, then need to wait for a gap 
all less than n+1, the probability declined to an impassable gap is  
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3.2 Crossing and travel time 
Some research such as Guozhong Ma [10] and Zi Wang [11] shows that the characteristics of literature has the 
variability of the non-motor vehicle flow, mainly for the speed and direction of easy to change. Mostly when the non 
motorized vehicle traffic from low to high rise in the process of change, the rider will find neutral part ahead 
through the overtaking, speed and direction changes at this time will increase. Therefore, in the case of road 
conditions, parking vehicles in the running process will be part of forcible overtaking of non-motorized vehicle 
impact, leading to increased crossing and travel time. In addition, the park vehicle arrival rate is high, which may 
cause waiting in line at the entrance at the moment, and will increase the driving time. Therefore, through the travel 
time is mainly composed of non moving across the lane entrance road queuing time and waiting time of two parts. 
(1) effect of road conditions on crossing and travel time 
Assuming the park through vehicle's length is L, the shortest distance park vehicles through the non-motorized 
vehicle lane width is H, the non isolation belt is c, 
ķWhen Lc+H 
When the non-motorized vehicle lane width and the total of non-motorized vehicle lane width is greater than the 
length of the vehicle and the park, after park vehicles exiting, head and the entrance road distance is greater than 0, 
this time across the running process is mainly affected by the influence of non-motorized vehicles. Fig. 1A shows 
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the situation about the parked vehicle to 1. When the park the vehicle average arrival rate is low, at the entrance of 
vehicles queuing system only 1 cars driving across time for non motorized road travel time; but if arrived at the park 
the vehicle rate is high, i.e. when the entrance road at the waiting vehicles more than 1 vehicles ,entrance length may 
not enough and have an effect on the motor Lane vehicle, this time travel time is through the non-motorized vehicle 
lane and effect of travel time and the entrance road. 
       
(a) Non- motorized vehicle lanes wide.                  (b) Non-motorized vehicle lanes narrow. 
Fig. 1. Entering vehicle under the different effect of non- motorized vehicle lane width. 
ĸWhen L > c+H 
When the non-motorized isolation belt width and non-motorized vehicle lane width less than or equal to the 
length of the vehicle park, park vehicles in the left lane in the running process of the main motor through not only by 
the influence of non motorized vehicles, the relevant traffic intensity and with the entrance road at the time, 
traveling through time and for the entrance road to affect time and, FIG. 1b shows the park 1 vehicles in this the 
situation. 
At present the city park vehicle off-street parking is almost small car and the body length range was 3.57-5.02m, 
the average value is 4.53 m, the range of the car width is 1.60-1.87 m, the average value of 1.78m.Through the site 
investigation discovery, the green belt width of the minimum value of 1.25m, so this paper respectively 1m, 2.5m, 
3.5m values are discussed. 
(2) the traffic conditions on the analysis through the influence of non-motorized road travel time 
In road conditions to determine the circumstances, park vehicles in into the process, the first is affected by non 
motorized vehicle. Therefore, defined as the ratio of vehicle driving theory through the park time and practical 
through the travel time for through running efficiency travelE  , then 
actualtheoryactual
theory
travel tv
L
t
t
E
.
                                               (10)
Where, L is the through the conductor significance, theoryv  is in the theory of interference free park the vehicle 
running speed, actualt  is the actual park vehicles through the non motorized road travel time, s. 
This paper takes Nanjing Zhongshan north road park as an example, with a single parking vehicles as the 
research object, according to the observation data analysis into the relationship between efficiency and non motor 
vehicle traffic. The correlation between park vehicle is calculated out according to the observation data through 
efficiency and non motor vehicle flow analysis and the correlation coefficient is 0.615, shows a strong correlation. 
Through regression analysis curve between efficiency and non motor vehicle traffic, as shown in Fig. 2. 
The integrated use of linear model, logarithmic curve model, the two function three times model, function model 
of curve estimation, draw the curve model of larger R2 as shown in Table 1, we can see that the three function model 
of R2 value of the largest, but the three time function model in the non motor vehicle flow rate of 0.59by finding the 
variation trends of the curves found (A/m.s) through the efficiency to 0, this and the actual variation is not too 
conforms to the two time; function model when the non motor vehicle flow is greater than 0.51 (A/m.s), showing 
increase with flow efficiency is also increasing trend, this does not accord with the actual also; logarithmic model 
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curves increase with flow changes the declining trend, the R2 value is 0.606, linear and logarithmic model, two times 
the maximum value. Therefore, choose logarithmic function as a non-motor vehicle traffic function model. 
Table 1. through efficiency and non motor vehicle flow curve model to compare and analyze the estimation. 
Equation 
Model Summary Parameter Estimates 
R Square F df1 df2 Sig. Constant b1 b2 b3 
Linear  0.575 135.188 1 100 .000 .694 -0.894   
Log  0.609 155.891 1 100 .000 .072 -0.276   
Two 0.606 76.077 2 99 .000 .903 -2.348 2.199  
Three 0.628 55.236 3 98 .000 1.463 -8.591 22.954 -21.324 
Therefore, the final two subjects as a function of:      
E=ˉ0.276lnqnon+0.072                                           (11)
Where, qnon is non- motor vehicle flow 
(3) model validation analysis 
In this paper, the measured data of Nanjing Zhongshan South Road Business Building parking lot were compared 
and analyzed. Calculate the actual into efficiency according to the measured into time, compared with the efficiency 
of the model, see table 2. 
Table 2. The experimental value with theoretical value comparative analysis. 
Serial 
number 
Non motor vehicle 
flow(A/s.m) 
The actual into 
time(s) 
Enter the time 
theory(s) 
Through efficiency 
The measured 
value 
The calculated 
value 
1 0.124035 4.607 3.26 0.707618841 0.71501701 
2 0.186376 6.132 3.26 0.531637312 0.489051029 
3 0.260847 6.572 3.26 0.496043822 0.45267863 
4 0.360523 6.34 3.26 0.514195584 0.422960216 
5 0.385348 6.673 3.26 0.488535891 0.422960216 
6 0.381512 7.489 3.26 0.435305114 0.409913255 
7 0.463412 6.782 3.26 0.480684164 0.409913255 
8 0.458059 7.485 3.26 0.435537742 0.409913255 
9 0.45357 7.189 3.26 0.45347058 0.397833655 
10 0.463822 7.624 3.26 0.427597062 0.386587817 
11 0.481812 7.295 3.26 0.446881426 0.376068038 
12 0.435374 7.5 3.26 0.434666667 0.366186225 
13 0.463999 8.94 3.26 0.364653244 0.356869403 
14 0.470097 8.468 3.26 0.384978744 0.32416008 
15 0.431936 8.568 3.26 0.380485528 0.316914443 
16 0.455394 8.548 3.26 0.38137576 0.303323241 
17 0.454827 9.82 3.26 0.33197556 0.296930264 
18 0.453577 9.488 3.26 0.343591906 0.290778591 
19 0.472534 8.93 3.26 0.36506159 0.284850665 
(4) the relationship between the average waiting time analysis of parking arrival rate and entrance road 
Park the vehicle in the process through the non motorized vehicle lane after driving into the mouth, can be seen is 
the parking demand and provide the service process. Because the park entrance number field normal to 1, can be 
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regarded as the single channel queue service system. If the parking average arrival rate is high, it may lead to the 
vehicle in the entrance channel waiting in line, at this time will be extended through the travel time, it is necessary to 
stop the average arrival rate of the size of the analysis. 
Juan Xiong [12] and Xingchen Yan [13] point out that the average arrival rate O  of parked vehicles follows 
Poissonian distribution. So that when the vehicles arrive at the entrance of parking lot, the process of vehicles 
entering into the off-street parking lots can be seen as the increase of parking demand and service [14]. Because 
there is generally one entrance in parking lot, it can be seen as Single channel queuing service system. Assume that 
the average service rate of parking lot is P , based on the Random Service System Theory, we can know that if 
1O
P
 , the system is stable then the queuing theory can be used to analyze the relation between the average arrival 
rate and time. According to the practical data, we can find that when the vehicle enters into the entrance, the vehicle 
needs to cost 8~10s from slowing down, taking card to speed up, which means the service rate is 300~600 vehicles 
per hour. This paper choose the average service rate 400vehicles per hour to research. If the arrival rate of vehicles 
is less than400/h, the system is stable; but if the arrival rate of vehicles is more than 400/h, the system is unstable. 
ķO <400/h 
Based on the queue theory, the average waiting time, average number of vehicles and the average of arrival rate 
can be worked out, showed in Table 3 
          
  Fig. 2. curve fitting through efficiency and non-motorized traffic.          Fig. 3. certain precision  of the two comparative analysis. 
The relation curve of the average waiting time, average number of vehicles and the average of arrival rate is 
showed in Figure 4 and 5. Based on Table 5, Figure 4 and 5,when the average arrival rate isO 230/h, the average 
number of vehicles in system is 1dn ,the average waiting time is 120 dd w ,  and at this time the vehicles already 
have arrived but do not line up yet. 
When the average arrival rate is 230<O 280, the average number of vehicles in system is 2dn , the average 
waiting time is 12 20wd d  s , and this time the vehicles begin to line up. 
When the average arrival rate is 280<O 400, the average number of vehicles in system is 2!n ,the average 
waiting time is w >20s. Both the average waiting time or the average number of vehicles will change as the arrival 
rate changes. So that we can think that at this time the queuing length will increase rapidly as the arrival rate 
increases. 
ĸWhenOı400/h 
The system is unstable, so the queuing theory cannot be used. At this time, the queuing vehicles receive service 
with certain average service time and arrive in some certain rule.The waiting time of the first vehicle is 0, then the 
second vehicle needs to wait until the service of the 1st one ends and the waiting time is 1 1
P O
 ; Then the 3rd one 
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needs to wait until the service of the 2nd one ends and the waiting time is 1 12( )
P O
 ; and so on. Finally, we can get 
the average waiting time: 
1 1 1 1 1 10 ( ) 2( ) ... ( 1)( )
- ( 1)
2 .
n
n
w
n
O PP O P O P O
P O
       
  ˄ ˅
(12)
Table 3. The relation among the average waiting time, average number of vehicles and the average of arrival rate. 
number average of arrival rate(/h) average waiting time(s) average number of vehicles 
1 327  40.5  5  
2 300  27.0  3 
3 280  20.3  2 
4 257  16.2  2 
5 230  12.0  1 
6 225  11.6  1 
7 200  9.0  1 
8 180  7.4  1 
9 129  4.3  1 
10 103  3.1  0 
11 30  0.7  0 
 
                  
Fig. 4. The relation between the average waiting time and arrival rate.          Fig. 5. The relation between the average number of  
vehicles and arrival rate. 
ĹThe value analysis of average waiting time w  
The average waiting time means the average waiting time of vehicles in queue system. If the queue vehicles are 
all in the entrance and the median open section, the queue has no influence on the vehicles in the main road. If not, 
the queue would have influence on the vehicles in the main road. So the value of w should be analyzed concretely to 
analyze the time of vehicles entering in. 
When single vehicle wait on the entrance, and cHL d0 , it has no influence on the vehicles on the main 
road. At this time, w  is 0; When the number of the vehicles arriving at entrance is n, and n >1, cHnL ! , there 
will be queuing and the vehicles which wait on the entrance would have influence on the traffic flow on the main 
road. At this time the value of n and w  will be determined based on O  and the formula (11) 
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The calculation of running timeĺ  
From the above, the running time of single vehicle is: 
)]ln(276.0072.0[sin motorizednontheory
travelandgcros qv
L
t

 
   (13) 
Where, theoryv is the safe driving speed of parking vehicles in ideal condition, the value range is 0-5km/h. The 
meaning of other symbol is the same as above. 
Ļ The calculation model of the crossing time of parking vehicles. 
From the above, we can get the calculation formula of crossing time as the parking vehicles enter in with 
different arrival rate. The formula is: 
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4 The sensitivity analysis of model 
We accomplish the statistic analysis of practical data of vehicles driving-into rate, as is showed in Table 4 
Table 4. The distribution range of different driving-into rate. 
Number The distrubution range of driving-into rate(vehicle/min) 
Average driving-into 
rate(vehicle/min) proportion(%) 
1 0 İ O İ2 1.0 86.5 
2 2 < O İ6 4.0 5.7 
3 6 < O İ8 7.0 3.8 
4 O >8 -- 4.0 
 
From the table, we can find that when the average driving-into rate is more than 8/min, the peak value can be 
reflected. However, because the proportion of it is only 4%, the economical efficiency would be poor; When 
2<O <8/min or 120<O <480/h, the proportion is only 9.5%; But when 0<O <2/min, which means the average of 
driving-into rate is 1/min, this model is representative. So that this paper choose the O =1/min(60/h). And the width 
of different bicycle lane, the non-motor vehicle traffic capacity and other parameter values should be combined into 
the analysis. According to formula(11), when O =60/h, n=1, we can only think of the situation of single vehicle, the 
average waiting time w =1.6s. So that after the analysis based on formula(13), The Fig. 6 shows the crossing time 
based on different non-motor vehicle traffic capacity in different width of bicycle lane. 
According to the Figure 6, some conclusion can be drawn as follows: 
ķ When the non-motor vehicle traffic capacity increases, the crossing time is also increasing. It proves that the 
crossing time is influenced a lot with non-motor vehicle traffic capacity. 
ĸ In the same flow capacity condition, the crossing time has inverse relation with the lane width. 
Ĺ When the lane is narrow, the crossing time changes more in the same flow capacity. Especially when the width of 
bicycle lane is less than 5m, this variation is more obvious. 
ĺ When the lane is wide, the crossing time changes less in the same flow capacity. Especially when the width of 
bicycle lane is more than 6m, this variation is less obvious. 
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Fig. 6.The crossing time on the bicycle lane with different width 
5. Conclusion 
According to analysis and practical data, this paper set up a model of outside parking crossing time influenced by 
non-motor vehicles traffic flow. We also have done sensitivity analysis on this model based on the practical 
parameter data of project and make main conclusion as follows: 
(1) Compared with the width of bicycle lane, the non-motor vehicle capacity influence more on crossing time. 
(2) In the same capacity, the crossing time have inverse relation with the lane width. 
(3) When the width of bicycle lane is less than 5m, the crossing time is influenced a lot. 
(4) When the width of bicycle lane is more than 6m, the crossing time is influenced a little. 
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